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(57) Abstract 

The invention relates to a method for setting 
up an incoming call to a mobile radio in a cellular 
mobile radio network. In the method, one of the 
switching centres (MSC1, MSC2, GMSC) receives 
the subscriber number of the mobile radio (MS) and 
requests the home location register (HLR) to provide 
call routing information. The home location register 
(HLR) requests the routing information from the visi- 
tor location register (VLR1, VLR2) within the loca- 
tion area of which the mobile radio is currently locat- 
ed, and forwards the received routing information to 
the requesting switching centre for routing the call to 
the switching centre of the current service area and 
further to the mobile radio. The mobile radio is 
searched by a paging initiated immediately by the 
switching centre within the location area when the as- 
sociated visitor location register receives the routing 
information request. 
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A method for setting up an incoming call to a mobile 
radio in a cellular mobile radio network 

The invention relates to a method for setting 
5 up an incoming call to a mobile radio in a cellular 
mobile radio network comprising a home location 
register for permanently storing location and sub- 
scriber data concerning mobile radios registered with 
the network, the geographical coverage area of the 

10 network being divided into smaller service areas each 
comprising a visitor location register for temporar- 
ily storing subscriber data concerning mobile radios 
currently located within said service areas, and a 
switching centre associated with the visitor location 

15 register, the geographical coverage area of each 
service area being further divided into location 
areas each further divided into radio cells each com- 
prising at least one fixed radio station capable of 
establishing a radio link with the active mobile 

20 radios currently located in the radio cell. 

In various cellular radio or mobile radio 
systems presently in use or being developed the 
geographical coverage area of the system is divided 
into smaller separate radio areas or cells in such a 

25 way that when the mobile radio is in a cell, it com- 
municates with a fixed network through a fixed radio 
station located in the cell. Mobile radios belonging 
to the system are free to roam from one cell to an- 
other within the area of the system. An example of 

30 such systems is the digital mobile radio system GSM 
(Groupe Special Mobile). When a subscriber in the 
same system or in an external system wants to call a 
mobile radio or a mobile subscriber MS in this kind 
of cellular system, the fixed network has to know the 

35 actual location of the mobile radio MS in order to be 
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able to route the call to the right mobile services 
switching centre MSC. In the GSM system, for example, 
the number selected by a calling subscriber contains 
no information on the actual location of the called 
5 MS. Therefore, to set up the connection, it is 
necessary to determine the location of the MS by 
utilizing a routing address, i.e. the mobile radio 
roaming number. In the GSM system, this information 
can be provided solely by the home location register 

10 HLR, which is a database in which subscriber data, 
such as location data, are stored permanently. 
Therefore, in order to be able to route the call to 
the MSC within the area of which the MS is currently 
located, it is necessary to send a request to the 

15 HLR. 

In the GSM system, each location area consist- 
ing of several radio cells comprises a visitor loca- 
tion register VLR, which is a database in which sub- 
scriber data are stored while the. subscriber visits 
20 the area of the VLR. The VLR gives the HLR the 
information required for routing calls to the MS and 
participates e.g. in the switching of calls in the 
MSC. 

There are two alternative ways of giving the 
25 routing information, i.e. a roaming number. First, 
the roaming number can be given when the VLR updates 
the location of the subscriber, and the roaming 
number is stored in the HLR. In this case, the HLR 
returns the stored roaming number without further 
30 procedures when it receives a routing information 
request. 

Secondly, the HLR may request the VLR within 
the area of which the MS is currently located to pro- 
vide a roaming number assigned exclusively to this 
35 call when requested by a gateway MSC or one of the 
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MSCs. The HLR forwards the roaming number provided by 
the VLR to the requesting MSC, and so the MSC routes 
the call to the right MSC on the basis of the roaming 
number. After the call has been routed up to the MSC, 
5 the MSC initiates a mobile radio paging procedure 
within its location area to find the cell and the 
fixed radio station within the area of which the MS 
is located. After finding the MS, the MSC establishes 
a radio link with the MS through this fixed radio 

10 station and sets up the call. 

The object of the invention is to speed up the 
call setup procedure in this type of cellular mobile 
radio system. 

This is achieved by a method according to the 

15 invention, wherein, when the visitor location 
register receives the routing information request 
from the home location register, the switching centre 
associated with the visitor location register 
initiates immediately the paging of the mobile radio 

20 within the location area. 

As already mentioned above, the HLR requests 
the current VLR to provide a roaming number in 
systems where the roaming number is assigned separ- 
ately for each call. In the invention this is util- 

25 ized in such a manner that the MSC associated with 
the VLR initiates the paging of the mobile radio 
within its area, and performs authentication, cipher- 
ing, and other required procedures immediately after 
the reception of the request instead of performing 

30 them only after the call has actually been routed to 
the MSC in question. This speeds up the setup proced- 
ure for the incoming call, that is, shortens the 
waiting time for the calling subscriber. The inven- 
tion is particularly advantageous in cases where the 

35 MSC and the VLR are integrated, whereby the interface 
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between them can be easily realized otherwise than as 
specified in the GSM recommendations without causing 
any compatibility problems or other difficulties on 

the system level. 
5 In one embodiment of the invention, the VLR 

sends a roaming number to the HLR immediately after 
receiving a request if the data contained in the VLR 
indicates that the mobile radio in question is 
active. In another embodiment of the invention, the 

10 VLR transmits a roaming number to the HLR only after 
successful completion of the mobile radio paging pro- 
cedure. If the paging procedure fails, the VLR in- 
forms the HLR about the failure, and the call is re- 
leased. This procedure avoids unnecessary assignment 

15 of speech channels in the network. 

The invention will now be described in greater 
detail by means of illustrating embodiments with 
reference to the attached drawings, in which 

Figure 1 illustrates schematically a cellular 

20 mobile radio system in which the method according to 
the invention can be applied; 

Figure 2 is a signalling diagram illustrating a 
prior art call setup procedure; 

Figure 3 is a signalling diagram illustrating a 

25 setup procedure for an incoming call in accordance 
with the invention; and 

Figure 4 is a signalling diagram illustrating 
another setup procedure for an incoming call in 
accordance with the invention. 

30 in the following the method according to the 

invention will be explained in conjunction with the 
digital GSM mobile radio system, which, in fact, is 
the primary field of application of the invention. 
However, the method according to the invention can 

35 also be applied in other similar mobile radio systems 
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or in the modifications of the GSM system. The basic 
structure and basic operations of the GSM mobile 
radio system are obvious to those skilled in the art 
and relatively accurately defined in the GSM specifi- 
5 cations. In the text below, some of the basic con- 
cepts and elements of the GSM system will be defined 
referring to Figure 1 in so far as they are signific- 
ant for the understanding of the invention. An area 
within which the GSM mobile radio services are avail- 

10 able is called a GSM network (GSM service area) which 
may cover several countries. The GSM network may be 
divided into national GSM networks (PLMN service 
area), which means the area of one operator providing 
GSM services. There may also be several GSM networks 

15 in one country and their coverage areas may overlap 
geographically- In the following the mobile radio 
system refers mainly to a "national" mobile radio 
network which may communicate with other national 
mobile radio networks or other telecommunication net- 

20 works, such as a public telephone network PLMN. 

The national GSM network may comprise one or 
more MSC service areas, that is, one or more areas in 
which a single MSC provides services. The MSC service 
area may further be divided into one or more location 

25 areas covered by one or several radio cells. The term 
cell refers to the smallest geographical area of the 
system comprising one or more fixed radio stations or 
base stations and utilizing predetermined traffic 
channels. 

30 The national GSM network usually contains one 

home location register HLR, which is a database in 
which mobile radio data, such as location data, are 
stored permanently. The system further comprises one 
or more visitor location registers VLR for each MSC 

35 service area. The VLR is a database in which mobile 
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radio data are stored while the mobile radio visits 
the area of the VLR. The VLR stores information on 
the location of the mobile radio MS with the accuracy 
of one location area. The HLR in turn stores informa- 
5 tion on the VLR which the mobile radio MS visits and 
provides routing information to the mobile radio net- 
work for calls terminating in the mobile radio MS. 
The HLR in turn obtains the required routing informa- 
tion from the VLR. The HLR and the VLR have solely a 

10 signalling connection with the other components of 
the mobile radio network. 

The method according to the invention is 
primarily intended to be applied in a system shown in 
Figure 1, in which each MSC service area has its own 

15 visitor location register VLR integrated with the MSC 
of the particular MSC service area. Figure 1 shows 
two service areas in one of which a mobile services 
switching centre MSC1 and a visitor location register 
VLR1 form an integrated unit VMSC1 and in the other 

20 of which a mobile services switching centre MSC2 and 
a visitor location register VLR2 form an integrated 
unit VMSC2. Under the two service areas covered by 
the integrated units VMS1 and VMS2, there are one or 
more location areas, traffic within each location 

25 area being controlled by a base station controller 
BSC controlling several fixed radio stations or base 
transceiver stations BTS. Each radio cell mentioned 
above contains one base station BTS, and one base 
station controller BTS serves several cells. A mobile 

30 radio MS located in a cell establishes a two-way 
radio link with the BTS of this particular cell. 
There is both a signalling connection and speech 
channels between the base station controller BSC and 
the MSC. 

35 m Figure 1, the VMSC1 controls a base station 
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controller BSC1, which in turn controls base stations 
BTS1 and BTS2. Within the other service area, the 
VMSC2 controls a location area comprising a base 
station controller BSC2 and base stations BTS3 and 
5 BTS4. 

In general, the GSM network communicates with 
other networks, such as a public telephone network 
(PSTN), another mobile radio network (PSPDN) or an 
ISDN network, through a certain mobile services 

10 switching centre called a gateway MSC (GMSC). One or 
some (all) of the MSCs of the network may serve as a 
gateway MSC. It is possible to establish a speech 
channel connection from the gateway MSC to any other 
MSC of the network. The gateway MSC further has a 

15 signalling connection with the home location register 
HLR. The HLR in turn has a signalling connection with 
the visitor location registers VLR. Alternatively, 
the switching centre of another telecommunication 
system, such as an ISDN centre, may serve as the 

20 gateway MSC. 

Figure 2 shows a signalling diagram in which 
the setup of an incoming call is performed in com- 
pliance with the GSM recommendation. The MSC, in this 
specific case the gateway MSC, receives an interna- 

25 tional telephone number of a mobile radio MS (inter- 
national ISDN number) from another network, and for- 
wards it to the home location register of the mobile 
radio network so as to request it to provide routing 
information. Alternatively, the HLR may receive the 

30 routing information request from the centre of an- 
other telecommunication system, such as an ISDN 
centre. The HLR checks from its data file the visitor 
location register VLR within the area of which the 
mobile radio MS having this particular ISDN number is 

35 currently located and requests this visitor location 
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register to provide a roaming number by sending it an 
international mobile station identifier IMSI used 
within the mobile radio network. In Figure 2, the 
VMSC (integrated VLR and MSC) assigns a roaming 
5 number MSRN for the mobile radio MS for this call and 
sends it to the HLR. The HLR forwards the roaming 
number MSRN as routing information to the gateway MSC 
(or to another switching centre which has requested 
it), and the gateway MSC routes the incoming call on 

10 the basis of this routing information to the MSC of 
the particular VMSC. The MSC initiates the paging of 
the mobile radio within that location area of its MSC 
service area in which the mobile radio should be 
located by sending the IMSI identifier of the mobile 

15 radio. On receiving the paging signal, the mobile 
radio acknowledges the receipt. The authentication, 
ciphering, and other possible procedures associated 
with the B subscriber are then carried out in 
compliance with the GSM specification, and the call 

20 is set up between the A subscriber and the mobile 
radio MS. 

Figure 3 shows a signalling diagram in which 
the call setup takes place in accordance with the 
preferred embodiment of the method according to the 

25 invention. In Figure 3, similarly as in Figure 2, on 
receiving the telephone number of the mobile radio 
the gateway MSC requests the HLR to provide routing 
information by sending it the ISDN number of the 
mobile radio, as a result of which the HLR in turn 

30 requests the VMSC within the area of which the mobile 
radio MS is currently located to provide a roaming 
number by sending the IMSI identifier to it. The VLR 
in the VMSC assigns the mobile radio MS a roaming 
number MSRN for this call and sends it to the HLR, 

35 which forwards it to the GMSC. The GMSC starts to 
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route the call to the MSG of the appropriate VMSC on 
the basis of this routing information. 

As distinct from Figure 2, the VLR in the VMSC 
shown in Figure 3 responds to a roaming number re- 
5 quest received from the HLR by causing the MSC in the 
same VMSC to immediately start the paging of the 
mobile radio within its area, and after finding the 
mobile radio , to start the above-mentioned authen- 
tication, ciphering and other required procedures. In 

10 this way a link required for the call is established 
between the VMSC and the mobile radio MS, while the 
gateway MSC routes the call to the VMSC, whereby a 
speech connection between the subscriber A and the 
mobile radio representing the subscriber B can be set 

15 up immediately after the establishment of the con- 
nection between the GMSC and VMSC. This shortens con- 
siderably the time the subscriber A has to wait for 
the call setup. 

As explained above, the VLR in the VMSC shown 

20 in Figure 3 sends the roaming number to the HLR 
immediately after receiving the request in so far as 
the mobile radio in question is active according to 
the information contained in the VLR (the mobile 
radio has been switched on). Figure 4 shows a 

25 signalling diagram which illustrates an alternative 
embodiment of the method according to the invention. 
Similarly as in Figure 3, the VMSC in the method 
shown in Figure 4 responds to the roaming number 
request received from the HLR by immediately starting 

30 the paging of the mobile radio, the authentication, 
ciphering, etc. However, the signalling shown in 
Figure 4 deviates from Figure 3 in that the VMSC does 
not send the roaming number to the HLR until after 
the paging procedure has been successfully completed, 

35 that is, the mobile radio has sent an acknowledge- 
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ment. The signalling and call setup then continues as 
shown in Figure 3. If the paging procedure fails and 
the mobile radio is not found, the VMSC informs the 
HLR about the failure and does not send a roaming 
5 number, which results in the release of the call. 
This is advantageous in that the call is not un- 
necessarily routed up to the VMSC, thus avoiding un- 
necessary assignment of the internal connections of 
the network. The VMSC may inform the HLR on the 

10 failed paging procedure by means of the signal which 
in the GSM specifications is assigned to forward in- 
formation when the mobile radio MS is not active. 

Since the invention influences only the reali- 
zation of the VMSC, that is, the integrated VLR and 

15 MSC, all signalling taking place in the network can 
be performed fully in compliance with the GSM spe- 
cifications and it needs not to be explained in more 
detail herein. As to the internal structure of the 
VMSC, the arrangements required for realizing the 

20 invention are obvious to those skilled in the art on 
the basis of the above description, and may vary 
depending on the technology used in each particular 
case. 

Even though the method according to the inven- 
25 tion has been described above in conjunction with the 
GSM mobile radio system, it is to be understood that 
it can also be applied in other mobile radio systems 
of the same type, or in the modifications of the GSM 
system. The figures and the description related to 
30 them are also otherwise solely intended to illustrate 
the present invention. In its details, the method 
according to the invention may vary within the scope 
of the attached claims. 
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Claims: 

1. A method for setting up an incoming call to 
a mobile radio in a cellular mobile radio network 
5 comprising a home location register (HLR) for perman- 
ently storing location and subscriber data concerning 
mobile radios (MS) registered with the network, the 
geographical coverage area of the network being 
divided into smaller service areas each comprising a 

10 visitor location register (VLR1, VLR2) for tempor- 
arily storing subscriber data concerning mobile 
radios (MS) currently located within said service 
areas, and a switching centre (MSCl r MSC2) associated 
with the visitor location register , the geographical 

15 coverage area of each service area being further 
divided into location areas each further divided into 
radio cells each comprising at least one fixed radio 
station (BTS1-4) capable of establishing a radio link 
with the active mobile radios (MS) currently located 

20 in the radio cell, in which system 

one of the switching centres (MSC1, MSC2, GMSC) 
or a switching centre of another telecommunications 
system communicating with the network receives the 
subscriber number of the mobile radio and requests 

25 the home location register (HLR) to provide call 
routing information, and the home location register 
(HLR) requests routing information from the visitor 
location register (VLR1, VLR2) within the location 
area of which the mobile radio (MS) is currently 

30 located, and forwards the received routing informa- 
tion to the switching centre which requested it for 
routing the call to the switching centre (MSC1, MSC2) 
of the current service area and further to the 
desired mobile radio (MS), which is searched by a 

35 paging procedure initiated by the switching centre 
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within its location area, characterized 
in that when the visitor location register (VLR1, 
VLR2) receives the routing information request from 
the home location register (HLR), the switching 
5 centre (MSC1, MSC2) associated with the visitor loca- 
tion register initiates immediately the paging of the 
mobile radio (MS) within the location area. 

2. A method according to claim 1, charac- 
terized in that the visitor location register 

10 (VLR1, VLR2) sends the routing information to the 
home location register (HLR) immediately after having 
received the request if the mobile radio is active 
according to the information stored in the visitor 
location register. 

15 3. A method according to claim 1, charac- 

terized in that the visitor location register 
(VLR1, VLR2) sends the routing information to the 
home location register (HLR) when the mobile radio 
paging procedure initiated by the request from the 

20 home location register has been successfully com- 
pleted. 

4. A method according to any of the preceding 
claims, characterized in that the 
establishment of a radio link required for the call 

25 between the mobile radio (MS) and the fixed radio 
station (BTS1-4) of the cell where the mobile radio 
is located is initiated before the call is routed 
from the requesting switching centre (MSC1, MSC2, 
GMSC) to a switching centre (MSC1, MSC2) of the cur- 

30 rent location area. 

5. A method according to any of the preceding 
claims, characterized in that on re- 
questing routing information from the home location 
register, the switching centre sends the phone number 

35 of the mobile radio to the home location register. 
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6. A method according to any of the preceding 
claims, characterized in that on re- 
questing routing information from the visitor 
location register, the home location register sends 

5 the visitor location register a mobile radio 
identification number used within the network. 

7. A method according to any of the preceding 
claims, characterized in that the rout- 
ing information provided by the visitor location 

10 register is a roaming number. 
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